
December 14, 1972 

D r .  F. Kisse l jou  
Biochemistry 
D.I .  Ivanovsky Virology I n s t i t u t e  
Gaaraleya S t r e e t  16 
Moscow D98 
U.S. S.R. 

Dear D r .  KiSSeljOu: 

Dr. Robert MscAllister has  informed us of your i n t e r e s t  i n  our  techniques 
f o r  d e t e c t i n g  v i r u s - s p e c i f i c  nuc leo t ide  sequences i n  cell  DNA. 
sending you a s e l e c t i o n  o f  r e p r i n t s  and p r e p r l n t s  which will hopefu l ly  
be of a s s i s t a n c e .  
DNA i n  cells is  c u r r e n t l y  done as fo l lows:  

I am 

Our s t anda rd  a s say  f o r  Rous sarcoma v i r u s - s p e c i f i c  

Reagents 

7 1) C e l l  DNA ( a t  l e a s t  500 # 1 prepared from a t  l e a s t  5 x 10 cells.  

0.02 M EmA, 0.1 M MaCl, lysed wi th  0.42 SDS and d iges t ed  overn ight  a t  
37O C. with  500 & m l  (predigested)  pronase.  The SDS concent ra t ion  fs 
ad jus t ed  to 12, and t w o  phenol e x t r a c t i o n s  (gent le  shaking a t  room 
temperature,  no p i p e t t i n g  of DNA - it is poured) are done. 
of e thano l  a r e  added to  the  aqueous phase, and the  sample is s to red  a t  
-15O C f o r  a t  l e a s t  one hour.  The DNA is cen t r i fuged  a t  2000 rpm f o r  
15 minutes,  gen t ly  resuspended i n  9.01 M EDTA, 0.02 M Tris, pH 7.4 
a f t e r  thorough dry ing ,  and t r e a t e d  wi th  100 U g h 1  of panc rea t i c  r ibo -  
nuc lease  for a t  least 3hhours (genera l ly  overn ight )  a t  37' C. Pkseol 
e x t r a c t i o n s  (2) a r e  repeated and the  DNA is dia lyzed  f o r  2-4 days 
a g a i n s t  s e v e r a l  Ch8ngeS of 0 . 1 X  s tandard  s a l i n e - c i t r a t e  (SSC * 0.15 M 
NaC1, 0,015 M N e  c i t r a t e ) .  
and 280 ( the  2601280 r a t i o  should be g r e a t e r  than 1.8); i f  l a r g e  
q u a n t i t i e s  of DNA have been prepared,  p a r t  is saved f o r  network formation 
(to determine i n t e g r a t i o n  of v i r a l  genes - see L e p e t i t  manuscript) .  
The remainder is sheared to pieces about  200 nuc leo t ides  i n  l eng th  v i t h  
a high p res su re  c e l l  a t  50,000 pounds p e r  square inch .  (Al te rna te  
a v a i l a b l e  methods inc lude  depurinat ionand son ica t ion ) .  The sheared DNA 
is then e thano l  p r e c i p i t a t e d  overn ight  ( a f t e r  a chloroform e x t r a c t f o n  
to  remove mineral  o i l  (from the  pump l i n d  and a d d i t i o n  of NaCl t o  0.3 M) 
and (usua l ly)  passed over a G-50 sephadex column e q u i l i b r a t e d  wi th  
0.6 M NaC1, 0.001 M EDTA, and 0.01 M T r i s  pH 7 . 4 .  
a r e  thanol  p r e c i p i t a t e d  overn ight  and suspended i n  0.003 M KIYTA a t  a 
f i n a l  concent ra t ion  of g r e a t e r  then 5 m g / m l .  

C e l l s  a r e  suspended (5  x lo6-10 v cells/ml) i n  0.05 M T r i s  HC1, pH 8 ,  

Two volumes 

The o p t i c a l  d e n s i t y  is determined a t  260 

The peak f r a c t i o n s  



Page 2 
Kissel our/Varmus 
12-14- 3 2 

2) Labeled double s t r anded  v i r a l  polymerase product is prepared a s  
desc r ibed  i n  t h e  aurnuscripts. I f  o n l y  t h e  r a p i d l y  r e a s s o c i a t i n g  f r a c t i o n  
is a v a i l a b l e  due to  l o w  polymerase a c t i v i t y ,  h i g h  s p e c i f i c  a c t i v i t y  DNA 
(about 2.5 x lo7/& u s u a l l y  l abe led  w i t h  a l l  f o u r  deoxynucleotide pre-  
c u r s o r s )  is requ i r ed  f o r  d e t e c t i o n  o f  a s i n g l e  copy of v i r a l  sequences 
wi th  rearonable  q u a n t i t i e s  (less than  0 . 5  mg) of cell  DNA. I f  s lowly  
r e a s s o c i a t i n g  DNA can be  prepared ,  s p e c i f i c  a c t i v i t i e s  of 5 x 10 
are adequate due t o  the  greater complexity (high Cot l /2)  o f  t h i s  m a t e r i a l .  
(The h ighe r  complexity, of course ,  a l s o  i n d i c a t e s  t h a t  more Sequences 
a r e  be ing  measured w i t h  t h i s  DNA). 

6 cpm/ug 

3) Hydroxyapatite (Biogel-DNA grade)  should be s t anda rd ized  f o r  
s e p a r a t i o n  of known s i n g l e  and double s t r anded  DNA's i n  t h e  presence of 
t h e  amount of ce l l  DNA presen t  i n  each  sample i n  a r e a s s o c i a t i o n  curve.  

Procedure 

1) Reaction mixtures  u s u a l l y  con ta in  400 ccg of c e l l  DNA and 2000 
cpm of l a b e l e d  polymerase product i n  .003 M EDTA i n  a f i n a l  volume of - -  
90 b l  i n  a w e l l  s e a l e d  g l a s s  c o n i c a l  tube  (Kontes). 
hea ted  a t  100' C f o r  2 minutes,  10 u l  of 4M PB ( so lu t ion  con ta in ing  2 M 
Na2 HPO4 and 2 M N a  H2PO4) is added, and t h e  mixture is o v e r l a i d  wfth 
mfneral  o i l  and incubated a t  6 8 O  C. 
a p p r o p r i a t e  i n t e r v a l s  (e.g., 1 , 3 , 8 , 2 4 , 4 8 , 7 2  hours)  and placed i n  0.01 M 
PB (2 ml). 
experiment. Each experiment should inc lude  a he te ro logous  ce l l  DNA 
(e.g. salmon sperm or c a l f  thymus) os a v i s c o s i t y  c o n t r o l .  

The mixture  is  

S ix  IS ~1 samples a r e  taken a t  

Samples are kep t  a t  4' C u n t i l  t h e  conclusion of t h e  

2) Asaavy! are  performed wi th  hydroxyapat i te  e l u t i o n  us ing  2 m l  of a 
10 Gut p e r  50 m l  of 0.01 M PB m i s t u r e  of hydroxyapat i te .  E lu t ions  a r e  
performed a t  60' C and c o n s i s t  of 3 ml and 2 m l  e l u t i o n s  wi th  0.16 PB 
and 2 m l  and 2 m l  w i t h  p . ' * O  M PB. 
.16 M and pooled .40& sample to  determine r e a s s o c i a t i o n  of t h e  c e l l  
DNA, and t h e  samples a r e  then  p r e c i p i t a t e d  wi th  a f i n a l  concen t r a t ion  
o f  5% t r i c h l o r a c e t i c  a c i d  a f t e r  a d d i t i o n  of 75 up, of  c a l f  thymus DNA 
c~.S carr ier .  

OD260 i s  measured f o r  t h e  pooled 

3)  Computations a r e  performed by p l o t t i n g  r e a s s o c i a t i o n  of l abe led  
polymerase product a g a i n s t  t h e  Cot v a l u e  for t h e  l abe led  DNA. Resu l t s  
a r e  c o r r e c t e d  accord ing  t o  s i n g l e  and double-stranded s t anda rds  run over 
hydroxyapat i te  i n  each experiment. The cond i t tons  desc r ibed  h e r e  w i t k  
cause  a t  l e a s t  a doubl ing  o f  t h e  reassoc ia t imn ra te  (i.e.,  2 f o l d  lowering 
of t h e  Cot l /2)  i f  one copy o f  t h e  v i r a l  sequences a re  p resen t  p e r  ce l l .  

Thank you f o r  your i n t e r e s t  i n  o u r  work. 
do n o t  h e s i t a t e  to w r i t e .  
suwper and would welcome t h e  oppor tun i ty  to  d i s c u s s  o u r  work f u r t h e r  i f  
a p p r o p r i a t e  f i n a n c i a l  and travel arrangements could be made. 

I f  I can be o f  f u r t h e r  a s s i s t a n c e ,  
I p lan  to  be  i n  Europe for a few weeks t h f s  

Yours t r u l y ,  

Harold E. Varmus, M.D. 
Dewttment  of Microbiology 

HEV: js 
enc l  . 


